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In the Czech Republic leaf rust (Puccinia triticina Eriks.) is an important pathogen on wheat that often causes considerable yield losses. Breeding for rust resistance and growing resistant cultivars is the most economical way of protection against rust. Knowledge of virulence in the rust population is important for successful resistance breeding. The importance of rust virulence surveys was recently stressed by Park et al. (2011) . In the Czech Republic virulence in the rust population has been studied since the sixties of the last century, first on the standard differential cultivars ( Johnston & Browder 1966) and on an additional differential Salzmünder Bartweizen (Lr26). Results of these studies carried out in the years 1966-2001 were summarized by Hanzalová and Bartoš (2014) . Later on determination of virulence was based on reactions of leaf rust isolates on a set of Thatcher near-isogenic lines (NILs) possessing Lr genes. This research report presents results of the virulence survey in relation to leaf rust resistance genes in the wheat cultivars grown in [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] and represents a continuation of the 1966-2001 race survey.
MATERIAL AND METHODS
For the rust virulence studies near-isogenic lines possessing Lr1, Lr2a, Lr2b, Lr2c, Lr3a, Lr9, Lr10, Lr11, Lr13, Lr15, Lr17, Lr19, Lr21, Lr23, Lr24, Lr26 and Lr28 in cv. Thatcher background were used. NIL Lr10 was not used in 2009-2011 when Lr13 was used instead. For this reason NILs Lr10 and Lr13 were not considered in the final classification of pathotypes. Samples of wheat rust were obtained every year from different cultivars, mostly from the variety trials located across the country and organized by the Central Institute for Supervising and Testing in Agriculture, Czech Republic. Rust was propagated on a susceptible cultivar and single pustules were isolated. After inoculation with water urediospore suspension wheat seedlings grown in pots were covered with closed glass cylinders to keep high air humidity and incubated for 24 h. Thereafter plants were kept in the greenhouse at temperatures 18-22°C. After 10-14 days infection types were scored according to Stakman et al. (1962) . Results were published in papers that are available at the authors. Leaf rust resistance genes (Lr) in wheat cultivars registered in the Czech Republic were determined in multipathotype tests, later they were determined by molecular markers for Lr10, Lr26, Lr34 and Lr37. Results of molecular analyses were mostly summarized in papers on the physiologic specialization of leaf rust or in separate papers.
RESULTS AND DISCUSSION
In 2002-2011 only sporadic incidence of virulence was determined on NILs possessing Lr9 and Lr19. On average, relatively low virulence was found on NILs with Lr2a, Lr2b, Lr24 and Lr28. The highest frequency of virulence was ascertained on NILs possessing Lr3a, Lr10, Lr11, Lr13, Lr15, Lr17, Lr21, Lr23 and Lr26 (Table 1) If the inoculum in a subsequent year originates from the local overwintering rust mycelium (asexual stage), in winter wheat the occurrence of the same pathotypes as in the preceding year can be expected. On the other hand, if the source of the inoculum is from abroad due to a long-distance transfer of spores by wind, then there is a chance for a higher diversity of pathotypes. Pathotypes of the ten predominant races are summarized in Table 3 . The highest number of genes for virulence was found in the race predominant in 2004. In all the ten predominant pathotypes virulence was found on Lr3a, Lr11, Lr15, Lr17 and Lr21. Differences between the ten predominant pathotypes were based on virulence/avirulence on Lr1, Lr2a, Lr2b, Lr2c, Lr23, Lr26 and Lr28. None of the predominant pathotypes was virulent on Lr9, Lr19, and Lr24; only one pathotype was virulent on Lr28. Virulence on Lr24 and Lr28 was rare also in less frequent pathotypes not recorded in this report whereas virulence on Lr3a was very frequent. Among the ten most widespread pathotypes only two were avirulent on Lr26, however among less frequently appearing pathotypes avirulence on Lr26 was found more often. In sporadically appearing pathotypes avirulence on Lr11, Lr13, Lr15, Lr17, Lr21 and Lr23 was revealed, however it was rare.
Old standard differentials (Johnston & Browder 1966 ) used in our earlier race surveys contained Lr1, Lr2a, Lr2b, Lr2c, Lr3a and Lr11 and some additional leaf rust resistance genes. If we classify the ten most widespread pathotypes according to virulence/avirulence on the above-mentioned Lr genes, we can approximately designate the pathotypes by numbers according to Johnston and Browder Lr3a, Lr11, Lr15, Lr17, Lr21, Lr26 Lr1, Lr3a, Lr11, Lr15, Lr17, Lr21, Lr23, Lr26, Lr28 Lr1, Lr3a, Lr11, Lr15, Lr17, Lr21, Lr23, Lr26, Lr28 2009/10 3 Lr1, Lr3a, Lr11, Lr15, Lr17, Lr21, Lr23, Lr26 Lr1, Lr3a, Lr11, Lr15, Lr17, Lr21, Lr23, Lr26, Lr28 Lr1, Lr3a, Lr11, Lr15, Lr17, Lr21, Lr23
2010/11 3
Lr1, Lr3a, Lr11, Lr15, Lr17, Lr21, Lr23, Lr26 Lr1, Lr3a, Lr11, Lr15, Lr17, Lr21, Lr23 Lr1, Lr2c, Lr3a, Lr11, Lr15, Lr17, Lr21, Lr23, Lr26 Lr3a, Lr11, Lr17, Lr21, Lr23, Lr26 2003 , 2004 , 2007 61 5 Lr2c, Lr3a, Lr11, Lr15, Lr17, Lr21, Lr23, Lr26 2003 , 2004 , 2007 61 6 Lr3a, Lr11, Lr15, Lr17, Lr21, Lr23, Lr26 2004 , 2007 2 7 Lr1, Lr3a, Lr11, Lr15, Lr17, Lr21, Lr26 2008 5 8 Lr1, Lr3a, Lr11, Lr15, Lr17, Lr21, Lr23, Lr26 2008 , 2009 , 2010 5 9 Lr1, Lr3a, Lr11, Lr15, Lr17, Lr21, Lr23, Lr26, Lr28 2008 , 2009 , 2010 5 10 Lr1, Lr3a, Lr11, Lr15, Lr17, Lr21, Lr23 2008 , 2010 5 *Johnnson and Browder (1966 (1966) . In this way we recorded similar races like those described in our previous report (Hanzalová & Bartoš 2014) . Pathotype numbers 1, 4 and 5 in Table 3 correspond to race 61 common in previous years. Pathotype numbers 7, 8, 9 and 10 represent race 5 that differs from race 61 only by virulence on Lr1. Pathotype number 3 corresponds to race 17 that differs from the earlier common race 77 only by avirulence on Lr1. Pathotypes numbers 2 and 6 correspond to races 12 and 2, respectively, and were also identified already earlier. Kolmer et al. (2012) tested 133 leaf rust isolates with 23 single sequence repeat markers for molecular genotypes and on 20 lines of wheat with single leaf rust resistance genes (NILs) for virulence phenotypes. Leaf rust samples originated from Germany, Spain, France, United Kingdom, Hungary, Italy, Romania, Turkey, Ukraine, as well as from the Czech Republic and Slovak Republic. Based on molecular marker analysis he divided the isolates into 8 EU groups. Isolates from the Czech Republic and Slovak Republic were identified in all groups except groups EU3 and EU7. This indicates considerable variability of molecular genotypes. Pathotypes of the 19 isolates from the Czech Republic and Slovak Republic mostly differed from each other, only 3 isolates were doubled. In the tests by Kolmer et al. (2012) high frequency of virulence was found on Lr2c, which agrees with our results from the first half of the investigation period. High frequency of virulence was also revealed on Lr1, like in our tests in the second half of the studied time period. The frequency of virulence on Lr26 and Lr10 was also high, it was lower on Lr28 and very low on Lr9 (average 0.7 % in the investigation period). Pathotypes similar to those of Czech and Slovak leaf rust isolates were found in different European countries. The virulence phenotypes described by Kolmer et al. (2012) were similar to those found previously in Europe and described by Park and Felsenstein (1998) . High frequency of virulence on Lr2c was also recorded in France (Goyeau et al. 2006) . A sudden change from avirulence to virulence on Lr1, Lr3a, Lr10, Lr13, Lr14, Lr16, Lr26 and Lr37 since 2006 was described in Germany (Serfling et al. 2011) . Virulence frequency on Lr1 increased in Russia in the years [2001] [2002] [2003] [2004] [2005] [2006] in central parts of the country and decreased in the northwestern region (Gultyaeva et al. 2000) . In our virulence survey virulence on Lr9 was recorded in the last three years of the investigation period (2009) (2010) (2011) . In the year 2008 virulence on Lr9 was recorded in Slovakia. It was mentioned only once in the extensive study of leaf rust virulence in Europe by Mesterházy et al. (2000) and was not found either in Germany or in Russia by Lind and Gultyaeva (2007) (Gultyaeva et al. 2000) .
Virulence frequency on Lr24, relatively high in 2002-2004 in our survey and low later on, was very rare in Germany and it was not found in Russia in the period 2001 -2003 (Lind & Gultyaeva 2007 .
Changes in virulence do not seem to be affected by resistance genes in the grown cultivars. The only Czech cultivar that possessed Lr1 was Vlada, registered in 1990. However its hectarage was limited and in 2006 between resistance genes in the grown wheat cultivars and virulence genes in the leaf rust population were observed. Similarities in the pathotypes and earlier defined races were ascertained. Pathotypes (virulence phenotypes) recorded in our tests were similar to those described by Kolmer et al. (2012) in different European countries, which suggests an interchange of leaf rust inoculum in the European territory.
